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Process tor the production of nanoroetric metal oxide powders from metal chlorides 



(54) 

(57) Vapours of metal chlorides are mixed with 
vapours of an alcohol and carried into a reaction cham- 
ber under the action of the laser beam so as to form the 
corresponding aleowdas that subsequently undergo a 
pyrorysis process, thus producing particles of powders 
that are well crystallized and with diameters ranging 
between 5 and 20 nm. 




o 



CM 

to 

CO 

o 
Q. 

LU ■ 

PAGE 8(14 ' RCVD AT 2/3/2005 4:55:14 PM [Eastern Standard Time] * SMPTOIFXRM/i 1 DNJS:87293Q6 ' CSID:6123499266 * DURATION (mm«s):04>22 



02/03/2005 15:57 FAX 612349 9266 PATTERSON THUENTE SKAAR @ 009 



EP 0 776 862 A1 



10 



15 



Description 

The present invention concerns a process for the production of nanometric metal oxWe powders from metal cMo- 
use of nanometric peelers is orally advantageous in the preparation of S ^-^™^^"S 

i-o+inn nf Vanrvstriictured" materials are catalysis and gas sensor devices, . . . . 

^ZJSX^V^ are Industry produced by means ol we^processes (predptetcn from cham,cal 
solutions, solgel). However, these processes feature a number of Omits and drawbacks: 

. they are batch type processes and cannot be continuously operated; 
- trtev are characterized by a large number of process steps to reach tha finished product; 
. S SirXpawders cc^sttuled by porous age/egates of parfides, generally amorphous and w«h morphology 
and compositions thai are difficult to control 

Another class of processes used in the synthesis of nanometric powders are vapour phase P'°«^ defjnadas 
■dry-^e ^cess^ are more arJvantageous because they can operate continuously, they require a angle work 

20 quality powders. , 

In fact the powders obtained in this way are characterized by: 

particle dimensions even less than 10 rmr, 
size uniformity; 
2S - high purity; 

■ controllable crystalline structure and composition. 

The laser pyrolysis process for the synthesis of oxide powders consists In parpendicuiarry irradiating a ^amco"' 
tainJJ SHU* c/ES* compour* of the desired metal end. 

^ntinuftUB amnion CO, laser The stream of reagents « maintained spatially localized by means ol a coaxial now or 
^^J^£&ZS^ region strong absorption takes place whenthe ^^M-^ 
orScTthS 

tha transfers of energy to the reagents, in this region high temperatures are reached a *^«*™* 
feSeXtoiheforr^ 

IThT^ of nanometres takes placa The dimensions of the particles are controllable both on the baas ol the res- 

Set !Ttum SuTS modifying the flow rate of the r^ems. of the sensitize, of the inert gas used as a earner 

UsSCrS ha^r^been applied in the production of TO, and mixed oxides Ti,.^. as disclosed in BE 
N- XSS&m Replication n* 92109335.7in which the chemical precursors used arcades 
S and Sort «5 vanadium; toese parsers do not require co-reagents because *e,r rmleci^contam 
hJr^eTifor viztoms and the oxygen atoms required for the oxide synthesis. Because these precursors do not 
2oro^ 

"* ^7rS^~^ Precursors of the o*des. instead quires the presence of a pjjjjor 
to a^v™. Cgea Moreover, also the T.CU c^ exhibits a mild absorption of th« 0>a laserrad.ation and rt « ther* 
fwe mcessary to add a sensitizer to the reagents in order to obtain an efficiency dose to 100%. 

The simplest and most economical co-reagent is gaseous oxygen; however when vv-h. ' ^ ■"•TW^g* * 
m«ed tofSmpie. with TiO, in the presence of the sensitizers SF S or QjH* thequaWy of the resulflr* 
S3? wo^cXred to powders obtained by the pyrorysis of ftanium ateoxides. In fact when us.^ ^« as a sena- 
^th^P^s^acticnTTiCU does not take place completely under the action of the l<m beam and . ^med-ata 
SgSimpounds are torrrted that are unstable and strongly hygroscopic. When ir^ead^e server 
S^rXIrxJO,, under the acton of the laser beam a combustion reaction takes place that causes an uncon- 
tollable and rron-uniform increase in the reaction temperature. , «,„, /,« 

Moreover the reaction llama is discontinuous and unstable giving way to reaction efficiency far below 100% (see 
d^WtWO 89/04717). consequently, the synthesized TO 2 particles are scarcely uniform m sze. have h.gh average 

^r^%^e^ 

nanoirotric powders of a quality at least equal to powders obtained by means of laser pyrorysre of akx»des. 
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The invention lies in tho fact thai oxygen precursors that originate a controlled laser pyrol^of metal chlorides, 
with 100% efficiency, also in presence Of a combustible sensitizer, have been found and experimented. 

Since the metal alcoxides are chemically synthesized from the reacts of the correspond^ ct,lorid^ a^oho^ 
vapours of metal chlorides and vapours of an alcohol (for example ethyl, methyl. oopcpyQ . are pre-™ed f^carne 
5 Zfte reaction chamber. Hence a new oxide powders synthesis machanan. s reajzed ^^*?"*** U ™?. 
the brief transit times under trie action of the laser beam (variable between a few milliseconds and a few tens of rn.ll 
seconds), some alcoxides are farmed and subsequently undergo a pyrolysBprocess 

This new mechanism oan be applied both to the synthesis of ample orfdes and t J« £ 
more metals or to composites of various oxides, simultaneously carrying the vapours of the corresponding chlor.de. 

to whether they are in the liquid form or in solid form at ordinary conditions. 

Te basic advantage^ of the invention is of an economic Kind, mainly arising from the po^bffity of usng 
rides KpWursors tothe synthesis of high quality nanometric powders, the oommeroal cost of metal chlondes tame, 
at least 10 times lees than that of corresponding alcoxides. 

AnX ar^e is linked to the hjher vapour pressures of the chlorides compared with the alcoxKles whti . 
allows the reduction of the energy consumption required to obtain their vaponzation. 

^^TtT^SyS^^e f ^ rate of the sensitizer, without any direct combustion P«*^* 
to J£H TSSn^rpton of the uLr ***** exploiting all the energy -nd to further reducing the produc- 

ti ° n Tht^atement of production costs determined by all these factors makes the laser P/roly^ prc^ r|«re corr- 
petitjve compared with conventional vapour phase processes, drastically increas.ng the quahtyypnce rate of the pro: ■ 
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in addition the high thermal stability of the chlorides allows their massive vaporization through the direct heating < , 
theliqulfsS 

ides instead feature decomposition temperatures dose to boiling temperatures and therefore the ^isport vap* .. 
SthTrSton chamber must be performed by bubbling a carrier gas at a temperature far ^^ ^ ^ 
asto avoid the formation of soM polymer compounds resulting from the thermal decompose of the alcoxides. «... 
limits the yield of the chemical reaction and allows the transport of small quantifies* vapours^ . 

With the purpose of illustrating the invention some examples concerning the production process and the cnaraefc. 
istics of the produced powders are reported below. 

Example N° 1 

To produce TiO* powders from TiC^ and isopropyl alcohol: ■ 
vapours of TtCL are carried by aflow of Argon (300 scan) that bubbles m athermo-statboWe ^^eh*e te - 
MratoreoMhe ikuiUis kept at S0"C; at Ihe same time a flow of Argon (200 seem) cames vapours of isoproptf aJcoh , >\ 
J^otherm^^ 

^eSS TiSotadded to a stream of (1500 seem) and Argon (TOO seem) arreted. M 
S?K (3mm x 10mm). into a reaction chamber where the pressure is kept at a constant value * 
Sation of the gaseous stream by a continuous emission CO* laser beam (400 watt. ° * 

Zee. during a transit time of the reagents under the laser beam of s.smsec-.toapyrdvsisre^onw.thanatx^ .n 
S tnt SbeaTequa. to 100 «t* efficiency of 100% and productivity 21 fl/h of TOg powdens. The powders 
rated inair at 400^ for three hours are exclusively constituted by the anatase crystalline phase, have aspeerfic airfare 
area of 122 rrr'/g and an average dimension of the particles less than 120 A. 

Example f*" 2 

lb produce powders of mixed oxides from a mixture ol TiCU. VOCfe and isopropyl 
varxursdamr^reofTiCUarf^ f 
botde inWhteh the temperature of a liquid mixture constituted by 99% TiCU and 1 % of VOCI, .s kept at 80«C The c n- 
£?mfcc^rtfte very dose vapour pressures of the two liquids ensures that the chemical compostton of Hie 
ZuuTSmL *e samaas that of *e liqUd phase At the same time a flow of Argon (700 socm) cames vapour* of 
S^oi ^crther therrro-sXttto in which the tempore of the KqUd « kept * ^^J"* 
events is then added to a stream of CaH, (1000 seem) and injected, thmugh arectengular noad e V™*™" * 

a Reaction chamber where the pressure is kept at a constant value of 500 mbar. The eradiation of theg^w « 
rein bTa^ontiriuous emission C0 2 laser beam (400 watt section diameter a rrm^gives ptaoe ^during a transit w 
oTtTre^Tunder the laser beam' of 5.8 msec, to a pyrolysis reaction wrth an abs^onof tte lasa ■beame , « 
to 90 wattt efficiency of 100% and productivity 35 g/h of mixed Ti,,.^ oxxie powo^ vvrthx=0 
calcinated in air at 400»C to three hours are exclusively constituted by the anatase crvstalbne phase, haveasp^ne 



3 



PAGE 10J14 ' RCVDAT 2/3120054:55:14 PM [Eastern Standard Time] ' SVR:USPT0€FXRF-1/1 1 DNIS:8729306* CSffi:612M99266" DURATION (mm-ss):04-22 



02/03/2005 15:58 FAX 6123499266 



PATTERSON THUENTE SKAAR 



©Oil 



10 



is 



EP0 776B62A1 

ciataM area of 100 m 2 /g end an average dimension of the particles less than 140 A. Tha use of mixtures of T»CU and 
nSTJol Vo£ teds to the formation of powders of TiO, and V2 0 5 and not to substitutional mixed oxides, due 
to the limits in the solid 6o!ubiBty of Vanadium In H02. 

s Example N" 3 

To produce powders from T1CI4 and isopropyl alcohol by means of dire* vapori^tion oHheliquid sfreamsln 
a high SSSUiS^V^ with a 2000 watt 0O 2 laser, defined as high power ,n rdaton to the field of applica- 

fcn: A 275 cc/hour flow of TiCtt is rmssively evaporated by feeding it through a coil Kept at the ten^erature of 160-C; 
atthe^^aicc/hcurfl^ of isojropyl atcoho. is evaporated by feeding it in another coflk.pt at a torm 
mbduni of the two co-reagents vapours is hence added to a ^^^^^S 
raooo seem) and injected, through a circular nozzle (d = 2 mm), into a reaction chamber where the pr™e is kept at 
L™Ti vlLS nE?Th. irradiation of the gaseous stream by the "f"™*™^™^*™ 
ffiooowatte. with a rectangular section of 2x3cms.). gives place, during atransrt time of the reagents under^ laser 
S rfSW loWolyU reaction with an absorption of the laser power equal to 500 watte, reaction efficiency 

^dS^SuS b^ the anatese crystellinl phase as shown by the electronic diffraction nnos ,n figj /A, and have 
rS?B^!Se SSof 1 28 r^SeoveT the ITEM image shown in Fig. 1/8 has highlichted good s,ze unrform- 
20 Ity wilh partdH dimensions less than 1 20 A. 

Reference example N° i 

tureS^ * maintained alt 00=C: the vapours are then added to a stream of W «™0-£ «"J 
and injected I through a rectangular nozzle (3mm x 10mm), into a reaction chamber where the pressure* kept at a con- 
S SS r. The inadiation of the gaseous stream by the continuous emission CO s las* beam (400 wate, 

yets reaction characterized by a discontinuous flame at high temperature (1250'C). wrth an abso^on of the laser 
S^, eTuaTto M watts, a low reaction efficiency and productivity 12 g/h of J^^*™*^^^* 
aTr at 400-C for three hours we characterised by a specific surface area equal to 45 rrf/g. The anatyas of the electronic 

ohSS anatase and rutjle/while the TEM image shown in Pig. 2/B highUghtsthe sharp worsening of the morpholog.cal 
SeSof^e powers when compared to those produced fri Example 2 (Fig. 1) In fact tt«se^hM poor s ^e 
unrtormtty and particie^menslons greater than 450 A. All the attempts madein ^^J^^^^^^^^^^^^^. 
increasing the flow rate of Argon tor the transport of vapours and fhe temperature «* 6 ^}^J^*l^ h ^' 
feceTea {by reducing the transit times) have originated powders with worse morpholog.cal characteristics and with low 

reaction yields. 
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Reference example N° 2 



To oroduca Ti02 powders from titanium isopropaxide: 

Va£S T, isoSSde are earned by a flow of Argon (2000 seem) bubbling - ^^t ^ 

ternpSre of the Ik^diskept at 110-C; the vapours are then added to a stream of CTOOscom) and.n,e«ed 
tn^nTre^nnUaTnc^lela mm x 1 0 mm), into a reaction chamber where the pressure is kept at a constant value 

wS "of the laseTbeam equal to 80 watts, efficiency of 1 00% and productmty 24 g/h of nwd TO ? pow- 

S-^owdL calcinated in air at 400°C for three hours are characterized by a speefhe surface area equal to 105 

trfifa and particle dimensions a little larger than 140 A. 

ThVrSost important process parameters and the characteristics of the powders, related to the examples reportec 
are compared in the table below. 
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TABLE 



PRECURSORS 


ttr (msec) 




Pq(W) 




S (nrWg) 


Crystalline 
structure 


1-TiCU+A.I- 


5.3 


21 


400 


100 


122 


a 


Z-TiCI 4 +VOCb 


5-3 


35 


400 


90 


110 


a 


3-TICI4+A.I. 


37 


aoo 


2000 


500 


128 


a 


rif.1 TICI4+O2 


26 


12 


400 


23 


4b 


a + r 


rrU 

Ti(pCH(CHa)2)4 


53 


24 


400 


80 


105 


a 



. k = reagents' transit time under the laser beam 

- Q = hourly productivity 

- P 0 = power of the Incident laser beam 

-p a5B = laser povver absorbed by the stream of reagents 

- S = specific surface area of powders 

- a = anatase crystalline structure 

- r = rutfle crystalline structure 

- LA. ;= isopropyl alcohol 

- Ti(OCH(GH3)2)4 o titanium teppropmride 
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A orocess for producing nanometrlc powders of metal oxides from metal chlorides by means of a continuous emi 
l^K^a^equate powerTa source of energy lor the pyrosis reaction of the chamical precur^' 
SLSS in that Zurs of metal chloridos are mixed with vapors of an alcohol t ^^"^^:; 
Lnt>er under theed^^ 

a pyrolyste process and that the particles of produced powders are weO crystallized and with darned rang.ng 
35 between 5 and 20 nm. 

2. A process according to dalm 1 characterized in that a single solid or liquid metal chloride is vaporized and the pn>- 
duced powders are particles of a simple oxide. 

„ - a W0C8S3 according to daim 1 characterized in that different liquid or solid metal chlorides are vaporized and mi^d 
tSSSHSSSS^i^ are parses mixed oxtfes the corrpos*on o, which is the rr.,., 

ratio of the above said vapours of said mixtures within the solubility range of tha metals in said oxides. 

4. Apro^aecordingto^ml cr*^^ 
« arthtfttie product powders are composites constituted by parses <* various metal oxides, whence prep. r- 
S S tna Snents ot ^ vapour mixture axceeds the solutflty limite of the involved matate r. sad ox.de* 

& A process accordina to the previous claims characterized in that the vapours of liquid or solid ^ chlorides e.id 
ift? co^aSnt alcohols L vaporized directly from the liquid or so* phases, are mccadi to l^hflow rates ; i a 
, Mmflto arid irradhated by high power COa laser to produca rrigh quantities of powders wrth a 100% efloenc, 
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